Abstract: -Seismic analysis of a multi-story RC frame in Khartoum city was analyzed under moderate earthquake loads as an application of seismic hazard,and in accordance with the seismic provisions proposed for Sudan [1] to investigate the performance of existing buildings if exposed to seismic loads. The frame was analyzed using the response spectrum method to calculate the seismic displacements and stresses.The results obtained, clearly, showthat the nodal displacements caused drifts in excess of approximately 2 to 3 times the allowable drifts. The horizontal motion has a greater effect on the axial compression loads of the exterior columns compared to the interior columns andthe compressive stresses in ground floor columns were about 1.2 to 2 times the tensile stresses. The values of shear forces due to L/C3 in beams B805, B806 and B807 were found to be about four times the values due to L/C1.The maximum values of compressive and tensile stresses in beams are approximately equal. Bending moments in beams and columns due to seismic excitation showed much larger values compared to that due to static loads.
INTRODUCTION
Earthquakes, caused by movements on the earth surface, result in different levels of ground shaking leading to damage and collapse of buildings and civil infra-structures, landslides in the case of loose slopes, and liquefaction of sandy soil [2] . Thebehavior of reinforced concrete moment resisting frame structures in recent earthquakes all over the world has highlighted the consequences of poor performance of beam column joints [3] . Beam column joints in a reinforced concrete moment resisting frame are crucial zones for transfer of loads effectively between the connecting elements (i.e., beams and columns) in the structures [3] . Traditionally, seismic design approaches are stated, as the structure should be able to ensure the minor and frequent shaking intensity without sustaining any damage, thus leaving the structure serviceable after the event [4] .The structure should withstand moderate level of earthquake ground motion without structural damage, but possibly with some structural as well as non-structural damage. This limit state may correspond to earthquakeintensity equal to the strongest either experienced or forecast at the site. The results are studied for responsespectrum method. The main aim of this paper is to investigate the seismic performance of a reinforced concrete moment resisting frame building under a moderate earthquake ground motion. The building, which is located in Khartoum City (zone 2), was analyzed in accordance with the suggested seismic provisions proposed for Sudan [1] .
II. RESPONSE SPECTRUM METHMOD
The response spectrum represents an envelope of upper bound responses, based on several different ground motion records. This methodis an elastic dynamic analysis approach that relies on the assumption that dynamic response of the structure maybe found by considering the independent response of each natural mode of vibration and then combining theresponse of each in same way. This is advantageous in the fact that generally only few of the lowest modes ofvibration have significance while calculating moments, shear and deflections at different levels of the building. Following procedure is generally used for the spectrum analysis [2] : [1] Select the design spectrum. [2] Determine the mode shapes and periods of vibration to be included in the analysis. [3] Read the level of response from the spectrum for the period of each of the modes considered [4] Calculate participation of each mode corresponding to the single-degree-of-freedom response read from the curve. [5] Add the effect of modes to obtain combined maximum response. [6] Convert the combined maximum response into shears and moments for use in design of the structure.
III. RESPONSE SPECTRUM METHMOD BY USING STAADPRO
This is accurate method of analysis. The design lateral force at each floor in each mode is computed by STAADPro [5] . The software provides results for design values, modal masses and storey base shear. STAAD utilizes the following procedure to generate the lateral seismic loads. [1] Program calculates time periods for first six modes or as specified by the user. [2] Program calculates Sa/g for each mode utilizing time period and damping for each mode. [3] The program calculates design horizontal acceleration spectrum Ak for different modes. [4] The program then calculates mode participation factor for different modes. [5] The peak lateral seismic force at each floor in each mode is calculated. [6] All response quantities for each mode are calculated. [7] The peak response quantities are then combined as per method (CQC or SRSS or ABS or TEN or CSM) as defined by the user to get the final results.
IV. LOAD COMBINATION
In designing for seismic forces, the following two combinations can be considered [1] :
Where D = dead load; L = live load; P = incidence factor for live load; and E = earthquake load.
V. FRAME DETAILS AND STUDY CASE
A traditional residential ten-storey regular reinforced concrete frame building located in Khartoum City, with 12 m × 20 m plan as shown in Fig. 1 , was analyzed to investigate its seismic performance. The most important parameters governing the analysis of this frame were dead load, live load and seismic loads. Seismic loads were computed based on the Response Spectrum Approach (RSA). Three combinations of load cases were applied as follows: Load Case 1 (L/C1) is static load (dead and live) are follow the rules given in the (BS 8110, 1997) [6] . Load Case 2 (L/C2) is seismic loads. Load Case 3 (L/C3) is (static + seismic) loads. A uniformly distributed gravity load of 20 kN/ m was applied including the own weights of members. The sections of columns and beams of the frame are shown in Table 1 . Typical Beams (mm) 400X300
One selected frame (the critical one) was analyzed using STAAD PRO (2006) program. The same ground accelerations versus time periods used in seismic hazard analysis of Sudan [1] were adopted in this paper as input data to calculate the seismic response spectrum parameters, i.e., displacements and stresses. The damping ratio was taken as 0.05 (5% of the critical damping) and typical slab thickness was 130 mm. Some members of the frame building were selected for the purposes of the analysis. The selected members, which are shown in 
VI. RESULTS OF THE ANALYSIS
The analysis was performed for static and seismic loads. The Seismic analysis used horizontal input motion of earthquake with moderate horizontal peak ground acceleration (PGAH). A total time of vibration of 8 seconds was considered. The results of the analysis are shown in Tables 2 to 7 
VII. DISCUSSIONS OF THE ANALYSIS RESULTS
The results of the analysis indicated that the frame suffered a maximum horizontal displacement of 28.39 cm at its top level as shown in Table 2 and graphically in Fig. 3 . This represents about 0.94% of the frame total height. These nodal displacements caused drifts in excess of the allowable drifts. Table 3 shows that the drift reached up to 35 mm in some levels while the allowable drift in this frame should not be greater than 0.004 times the story height (12 mm) [ ]. In other words, the calculated drifts of the frame were about 2 to 3 times the allowable drifts as shown graphically in Fig. 4 .
Axial forces, shear forces and bending moments increased in columns and beams due to seismic excitation. It can be observed that the axial force due to L/C3 increased in the exterior column C801 while the interior column C802 had an opposite variation trend, its axial forces due to L/C1 is greater than that of C801, whereas its axial force due to L/C3 is lesser than that of C801. However, the forces in upper floor columns showed lesser values as shown in Table 4 and Fig. 5 . These values indicated that horizontal motion has a greater shear forces due to static loads only shear forces due to seismic loads only shear forces due to (seismic+static) loads effect on the axial compression loads of the exterior columns compared to the interior columns because of the overturning moment effect.
Shear forces due to the combined effect of static and seismic loads in interior columns are greater than those in exterior columns and decreased in the upper levels as in Table 4 . The values of shear forces due to L/C3 in beams B805, B806 and B807 were found to be about four times the values due to L/C1 as in Table 5 and Fig.  6 . These large increases of compression and shear forces can lead to compression shear failure especially if accompanied with poor detailing [7] . Table 6 and Fig.7 show that seismic excitations caused maximum compressive stresses at the bottom of C801 and C802. In other columns, these stresses occurred at different distances along the columns. It is also observed that there were no tensile stresses displayed due to L/C1. Tensile stresses in C801 and C802, generated by seismic excitation, occurred at their bottom levels. In general, compressive stresses in columns showed greater values than tensile stresses. Table 7 shows that the maximum values of compressive and tensile stresses in beams are approximately equal. These stresses mainly occurred at the end of the beams.
VIII. CONCLUSIONS
Based on the obtained results from the analysis of the reinforced concrete frame building in Khartoum city, it can be concluded that: 1. The interior columns in all floor levels were the most affected by the compression forces resulting from all cases of load combinations. 2. Bending moments in beams and columns due to seismic excitation showed much larger values compared to that due to static loads. 3. The compressive stresses generated from all cases of loads in ground floor columns were greater than tensile stresses in these columns whereas in other levels the difference was slight. The compressive stresses in ground floor columns were about 1.2 to 2 times the tensile stresses. 4. Compressive and tensile stresses in the studied beams were approximately equal. 5. The calculated drifts resulting from the nodal displacements due to the combination of static and seismic loads were about 2 to 3 times the allowable drifts. 6. The frame was inadequate to resist the applied seismic load.
